The present study was designed to elucidate whether factors of encoding (attention), storage (consolidation), retrieval (reconstruction), or combinations of these are responsible for amnesia due to exposure to psychologically traumatic events. Subjects in four experiments were presented a series of slides consisting of photographs of faces, with each face accompanied by four verbal descriptors. For the control subjects, all faces were neutral. For the experimental subjects, faces in the middle of the series were horribly disfigured. Measurements of palmar and cardiac activity were made continuously during the stimulus presentation. Tests of free recall, cued recall, recognition, and. cued recognition were used to measure memory performance of the verbal descriptors attached to the faces. Data from the physiological measurements and postexperimental interviews showed clearly that the emotional state wanted actually had been induced. Amnesia was found for items associated with the traumatic events. This finding was interpreted primarily in terms of encoding factors, but storage factors could not be excluded. Furthermore, anterograde amnesia was found in tests of recall but not of recognition, indicating that factors of encoding and retrieval but not of storage play a crucial role in this type of amnesia. Finally, no significant retrograde amnesia effects were obtained.
The present study was designed to elucidate whether factors of encoding (attention), storage (consolidation), retrieval (reconstruction), or combinations of these are responsible for amnesia due to exposure to psychologically traumatic events. Subjects in four experiments were presented a series of slides consisting of photographs of faces, with each face accompanied by four verbal descriptors. For the control subjects, all faces were neutral. For the experimental subjects, faces in the middle of the series were horribly disfigured. Measurements of palmar and cardiac activity were made continuously during the stimulus presentation. Tests of free recall, cued recall, recognition, and. cued recognition were used to measure memory performance of the verbal descriptors attached to the faces. Data from the physiological measurements and postexperimental interviews showed clearly that the emotional state wanted actually had been induced. Amnesia was found for items associated with the traumatic events. This finding was interpreted primarily in terms of encoding factors, but storage factors could not be excluded. Furthermore, anterograde amnesia was found in tests of recall but not of recognition, indicating that factors of encoding and retrieval but not of storage play a crucial role in this type of amnesia. Finally, no significant retrograde amnesia effects were obtained.
There are occasional reports in the clinical literature about patients showing memory impairment after having experienced strongly unpleasant or traumatic events. Not only is the traumatic event per se poorly remembered, but this is true also of the events preceding and succeeding this critical event. Such effects are commonly known as retrograde and anterograde amnesia, respectively.
For various practical and ethical reasons, systematic studies of such clinical amnesia effects are very sparse. Thus, in order to learn more about these clinical effects and about amnesia in general, a number of attempts to simulate situations in which amnesia can be induced have been made. One could argue that these attempts have been successful to the extent that many of these studies have demonstrated both retrograde and anterograde amnesia. However, in view of a couple ofseemingly very basic differences between these and the clinical studies reported, any real evaluation of the attempt made in terms of success might seem somewhat premature.
First, the laboratory simulations reported usually do not demonstrate a memory impairment of the critical event per se. Actually, this event is typically very well remembered (see, e.g., Bond & Kirkpatrick, 1982, Brenner, This research was supported by a grant from the Swedish Council for Research in the Humanities and Social Sciences. The authors would like to thank Elizabeth Loftus, John Jonides, and one anonymous reviewer for their constructive comments on an earlier draft of this paper. Requestsfor reprints should be sent to Sven-Ake Christianson, Department of Psychology, University of Umea, S-90247 Urnea, Sweden. 1973 , Detterman, 1976 , Detterman & Ellis, 1972 , Ellis, Detterman, Runcie, McCarver, & Craig, 1971 , and Tulving, 1969 . Second, the critical event usually employed in the laboratory to induce amnesia is not really a traumatic event. Rather, it is an event or an item that is critical in the sense that it differs from an otherwise homogeneous series of items. In view of this, it is not surprising to find that such a critical item is well remembered. It has long been known that such items are well remembered, and this effect is known as the "von Restorff effect" (see Wallace, 1965 , for a review). One exception from this nontraumatic way of inducing amnesia is an elegant experiment recently reported by Loftus and Burns (1982) .
In this study, the subjects were presented with a short film showing an armed robbery in which a child was seriously wounded by the bullets from the robbers' guns. In test of detail information associated with the critical event, Loftus and Burns were able to demon strate at least some of the amnesia effects typically found in clinical cases.
Along much the same line of thinking, one of the present authors (Christianson, in press) demonstrated amnesia effects in a laboratory setting without an} von Restorff side effects. This was accomplished b) presenting a picture story mimicking a traumatic event More specifically, it was a story containing three parts The beginning and the end of the story contained emo tionally neutral information, whereas the middle por tion of the story was of a traumatic nature. As a control a neutral version of the same story was presented. The beginning and end were identical to the beginning anc end parts of the traumatic version. The middle portion:
Copyright 1984 Psychonomic Society, Inc. 142 of the two versions differed-in the neutral version, the middle portion was also neutral. In Christianson's (in press ) study, both retrograde and anterograde amnesia effects were demonstrated. Moreover, it was found that retrograde, but not anterograde, amnesia recovered over time, which is an effect found in clinical cases as well. It was also found that the traumatic event itself was remembered at just about the same level as the middle portion of the neutral version of the story. That is, there was no von Restorff effect.
Although a few important first steps have been taken in the studies by Christianson (in press ) and Loftus and Burns (1982) , there is more crucial knowledge to be gained about how to establish amnesia in laboratory experiments while at the same time approaching an optimal level of ecological validity. In line with this one purpose of the present study was an attempt to improve on the experimental technique employed by Christianson in order to arrive at some more firm conclusion about amnesia. An attempt was made to make the traumatic event even more traumatic or unpleasant than in Christianson's study. Moreover, an attempt was made to extend the reasoning and the analysis to another set of to-be-remembered (TBR) materials. Thus, the TBR materials were neutral associative words presented along with the traumatic event.
Three different theoretical accounts of amnesia are to be considered here. These assign the problem of amnesia to factors of encoding (attention), storage (consolidation), and retrieval (reconstruction), respectively. Easterbrook (1959) argued that the number of cues utilized or attended to in a given situation decreases as a function of an increase in emotional arousal. States of high emotionality, arousal, and anxiety lead to an high emotionality, arousal, and anxiety lead to an intense concentration on a few main items and to poor processing of peripheral information. This process of focusing of attention would be beneficial to memory performance if peripheral cues were excluded and if no recall of such information were required. This view was extended by Mandler (1975) , who proposed a mechanism ("attention.demanding characteristics of autonomic nervous system arousal") that relates emotional arousal to restricted cue utilization. "Given the limited capacity of attention-consciousness and the presence of additional events that make demands on that limited capacity, it is not surprising that with increasing arousal the number of other events (cues) that can share conscious attention will be decreased" (Mandler, 1975, p. 124) . When emotional arousal becomes very intense, "it floods attentional mechanisms and decreases the amount of information that the organism can recruit effectively either from the environment or from its own memory store" (Mandler, 1975, p.123) . Thus, high levels of arousal seem to decrease memory performance because "a smaller proportion of attentional capacity is available for task processing" (Eysenck, 1982, p. 176) . Functional amnesia may then occur AMNESIAAND PSYCHOLOGICALTRAUMA 143 because high emotional arousal makes it increasingly difficult to engage in parallel or shared processing. The consolidation process is usually viewed as time dependent (e.g., Hebb, 1949; Muller & Pilzecker, 1900) , and both retrograde and anterograde amnesia have been assumed to represent a disruption in the consolidation processes (see Glickman, 1961 , for a review). Several clinical studies supporting this view have been presented (see, e.g., Jus & Jus, 1972 , Milner, 1965 , 1966 , Russel & Nathan, 1946 , and Scoville & Milner, 1957 . It is generally assumed that amnesics suffer from an impaired ability to consolidate information in long-term memory. Thus, short-term learning is intact, but new long-term learning cannot occur. In the case of retrograde amnesia, the critical event (the physical or psychological trauma) interrupts the perseverating neural activity responsible for forming a long-term trace. Milner, Corkin, and Teuber (1968) reported retrograde amnesia effects for recent rather than for older memories because older memories have experienced more neural activity and are therefore less susceptible to disruption. Deutsch and Deutsch (1966) suggested two different consolidation processes, one for short-term memories and one for long-term memories.
A slightly different interpretation of the locus of a similar type of memory impairment was offered in studies on the effect of arousal in learning and memory (see reviews by Berlyne, 1967 , Eysenck, 1982 , and Levonian, 1972 . One theory relating consolidation of memory to arousal was proposed by Walker (1958) . Walker's "action decrement theory" hypothesized that, in a state of high arousal, compared with low arousal, an increased nonspecific neural activity is assumed (more intense consolidation). This results in an improved longterm memory but in a lower accessibility to short-termmemory information. The deterioration of short-termmemory performance is explained in terms of a temporary inhibition of access to the memory trace during the consolidation process that serves to protect the memory trace against disruption.
One of the theories arguing for a retrieval explanation of human amnesia has been offered by Warrington and Weiskrantz. Studies in which amnesics are pre· sented with different types of cues such as word fragments, initial letters of a word, and category information (e.g., Warrington & Weiskrantz, 1968 Weiskrantz & Warrington, 1970a , 1970b have demonstrated that amnesics improve their performance to a great extent and the difference between these amnesic patients and normals is reduced considerably. The explanation proposed by Warrington and Weiskrantz (1970) is that an impaired control over stored information causes the amnesics to retrieve too much information, which makes them more vulnerable to interference than normals. Retrieval cues that narrow the range of response alternatives should therefore aid amnesic performance.
Retrieval processes are generally assumed to play a more predominant role in recall than in recognition, in that recall involves a search or a retrieval process followed by a decision process. This search is furthermore assumed to be bypassed in recognition (see, e.g., Bahrick, 1970, and Kintsch, 1970) . If high emotional arousal reduces available processing capacity, encoding operations might be restricted to fewer attributes of the TBR items. This limited and shallower encoding would then be more critical for recall than for recognition operations. Furthermore, traumatic material reactivates a state of unpleasantness during the act of retrieval. A line of reasoning similar to that applied to encoding can be applied to retrieval as well. That is, given a limited capacity of conscious attention and given that retrieval processes occupy a certain amount of this limited capacity, it can be assumed that, during states of high emotional arousal, the act of recall would be more impaired than would the act of recognition. Four experiments were designed to determine whether encoding factors, storage factors, retrieval factors, or combinations of these are responsible for the generation of amnesia effects. The presentation of a series of slides (pictures of faces and associative TBR items) involving a traumatic sequence in the middle was one basic property of the general design. Retrograde effects could then be evaluated for items preceding this traumatic event, and anterograde effects could be evaluated for items succeeding this high-arousal event. Another aim of the experiments was to compare the patterns of memory performance using different types of memory tests, that is, free recall, cued recall, recognition, and cued recognition. Cued recall was the testing procedure employed in Experiment 1. In order to avoid residual effects of arousal and recency effects, the tests were given 12 min after study.
The prerequisites were different with respect to the items preceding and succeeding the traumatic events, and with respect to the traumatic critical items themselves. In the preceding phase, there were no upsetting pictures presented and therefore no impairment in memory performance was expected. However, given a strong emotional effect due to the traumatic events presented in the middle phase, the conscious attention of the subjects was expected to be divided among the traumatic pictures, the high emotional-arousal state, and the TBR material. This division of attention was expected to result in a decrease of available resources aiding memory processing of the TBR items. Thus, a lower recall performance for the traumatic group than for the neutral group was expected. These effects of emotionality and high arousal were expected to last also to the succeeding neutral phase, and, because of this high arousal state, a limited capacity of conscious attention and, hence, a decrease in effective encoding of the TBR material, as compared with those in the neutral group, was still expected.
EXPERIMENT 1 Method
Subjects. The subjects in this experiment were 20 paid college and university students (18-30 years of age) from Urnea, To ascertain that all subjects were naive with respect to studies of this sort, no psychology students participated in the experiment. The students who knew about this experiment beforehand also were expelled from the pool of potential subjects. The subjects, who were tested individually, took part in this experiment on a voluntary basis and were given the equivalent of USD 8 each for their participation. Prior to the experiment, the subjects were interviewed about their physical and psychological status. They were also asked about their sensitivity to different kinds of emotional content in magazines and movies. The subjects were led to believe that these questions were important to exact calibration of the physiological measurements. They were also told that they could interrupt the experiment whenever they liked and still get paid for their services.
Apparatus. In order to establish physiological correlates to the psychological experiences of the stimulus material, measurements of skin conductance (SC) and heart rate (HR) were made continuously during stimulus presentation. SC was measured by means of a bioelectric amplifier and Beckman Ag/AgCl electrodes attached to the second phalanx of the index and middle fingers of the nondominant hand. HR was measured via a bipolar diversion from thorax by Beckman Ag/AgCl electrodes and by an integrated Mednic Biotelemetry lC-45 system (moving averages of 3-4 beats). Signals for SC and HR were recorded by a Sanborn dual-channel amplifier-recorder, operating at a paper speed of 1 rum/sec. SC and HR were read as pen displacement in millimeters (1 mm corresponded to approximately 0.2 micromhos = 1 unit for SC, and 1 mm corresponded to 1 beat/min for HR). The presentation of stimulus slides were automatically event marked on the paper to determine the specific arousal level in response to each slide. The slides were presented by means of two synchronized Prodovit color slide projectors attached to Munter electronic shutters. A Teleproducts timer was used to control exposure times.
Materials. Two series of 18 pairs of slides, each divided into three phases, with 6 pairs of slides in each phase, were used as stimulus material. Each pair of slides was composed of one color slide showing a human face and one showing four words describing four different characteristics to this face: a name, an occupation, a hobby, and a personality trait. The characteristics chosen were matched for word frequency both within and between phases. One of the series of slides was of neutral character and showed faces of ordinary people. This neutral version was presented to half of the subjects, and the other series of slides, supposedly being of a traumatic nature, was presented to the other half. This traumatic version was, however, identical to the neutral one with respect to the faces presented in Phase 1 and Phase 3. Phase 2 was different in that it showed a series of grotesque forensic pathology photographs of facial injuries (Gresham, 1975) . The verbal descriptions presented along with the faces in the traumatic version were identical to those presented in the neutral version in all three phases. There were three random orders of the verbal descriptions presented.
Procedure. After the electrodes for the SC and HR measurements had been fastened, the subjects were assigned a seat in a dimly lit cubicle and were asked to rest for 5 min, to allow for a baseline reading of the palmar and cardiac activity. Ear protectors of headphone type were allotted the subjects to exclude irrelevant outside noise.
Prior to the presentation of the slides, the light was turned off and one pair of slides was shown as an illustration of the materials and the procedure. The face slide of this pair was a picture of the experimenter, and the words were the category names to which the characteristics belonged: name, occupation, hobby, and personality trait. The particular composition of this slide was made for the sake of avoiding interference with the tobe-presented slides in the experiment proper. Each subject was instructed to read the four aspects aloud, to concentrate carefully on the face, and then to choose and report one of these aspects. The subject was to choose the aspect that he or she felt to be the most suitable for the face presented. The slides were projected through two holes in the wall behind the subject onto a screen 3 m in front of the subject. The aspects were presented in the upper part of the screen and the faces in the lower part of the screen, resulting in a size of 60 x 70 cm for each of the two pictures. The exposure time was 17 sec/slide pair and 4 sec between the slides. The subjects were led to believe that they were to participate in an investigation of social psychology. No mention was made about the presentation of unpleasant pictures or the forthcoming retention test.
Immediately after the subjects had viewed the whole series of 18 pairs of slides, the light was turned on again, the electrodes were detached, and the subjects were told that the experiment was almost completed. However, before being dismissed, the subjects were told that they would have to carry out a supplementary task not related to the "face-and-verbal-descriptor" task. Twelve minutes after the presentation of faces and aspects had been completed, the subjects were given an unexpected cued-recall test. To prevent rehearsal, the 12-min interval was filled with informal discussions about various topics not related to the experiment proper.
In this cued-recall test, the subjects were presented with each face again, in the same order as in the study phase. The instructions given to the subjects were to recall as many as possible of those four aspects previously presented along with each face. The subjects made their responses aloud. There was no time limit for these recall responses. After having completed the retention test, the subjects were asked to rate to what extent they had been affected emotionally by the content of the slides. In one question, the subjects were asked to give a global rating of the slides along a dimension of pleasantness-unpleastantness (I =very pleasant; 7 =very unpleasant). The subjects were also asked to judge on a IO-point scale how distressed they had felt during the presentation of the most, if any, unpleasant picture (l = not at all distressed; 10 = very distressed). After having completed the postexperimental interview, the subjects were given an explanation of the purpose of the study.
Results
Two sets of physiological data and one set of questionnaire data were used to evaluate the level of arousal for the two groups of subjects in the present experiment. The physiological data, comprising palmar activity and cardiac activity. are presented in Figure 1 . SC, presented in the left-hand panel, describes the palmar activity. The SC was read as the highest value during the presentation of each slide and then averaged across the six slides of each phase. As can be seen, there is no essential difference in baseline level between groups. However, considerable differences between groups were found for the experiment proper. These differences appear in Phases 2 and 3. SC is higher for the group presented with the traumatic materials in Phase 2 than for the group that had been presented with the neutral materials. Apparently, the difference between groups remains more or less the same even for the third phase of the experiment, although the two groups were presented with the same neutral materials in this third phase. The two groups were also presented with the same, neutral materials in Phase I, but here there was no difference between groups in SC, since this phase occurred prior to the presentation of the traumatic materials proper.
The design used to evaluate these data statistically was a 2 x 3 analysis of variance and covariance (type of material x phase, with the baseline measure as a covariate). There was a statistically reliable interaction between type of material and phase [F(2,36) = 9.85, P < .01, MSe = 223.9]. For the sake of tracing the source of the significant interaction, three separate oneway analyses of variance and covariance were carried out as well, one for each phase, again with the baseline level constituting the covariate. These analyses show statistically significant effects at Phase 2 [F( 1,53) = 
Discussion
The SC data, the HR data, and the postexperimenta1 interview revealed that the manipulation of stimulus material made in the experiment had had the effect intended. There was an increased palmar and cardiac activity for subjects who were presented with the traumatic materials and this is a typical pattern of physiological activity referred to in the literature as a defensive or a rejection response (e.g., Graham & Clifton, 1966; Lacey, 1967) . This holds for the traumatic phase per se .3
Three separate one-way analyses of variance, one for each phase, were carried out to test simple main effects. These ANOVAs revealed significant differences between the two types of material at Phase 2 [F(1,54) = 10.75, P < .01, MSe = 5.376] and Phase 3 [F(1,54) = 7.29, P < .01, MSe =5.376].
The memory data described so far have been based on recall of all four words presented with each slide at study. However, these data can be analyzed one step further. During presentation of each slide, each subject was required to select one of the four words as being the one which s(he) thought best would relate to the face presented. The mean proportions of "selected" words correctly recalled for the three phases were .52, .33, and .52 for the "traumatic group" and .55, .55, and .53 for the "neutral group." On the basis of pure inspection of these data, we can conclude that the pattern is the same as for the overall data of all four items for each slide with respect to Phases 1 and 2, but not for Phase 3. The anterograde amnesia effect obtained for all items was not found for the items selected by the subjects.
14.04, P < .01, MSe = 310.15] and Phase 3 [F(1,53) = 7.38, p < .01, MSe =310.15]. It should also be pointed out that the baseline difference was nonsignificant.
Cardiac activity was estimated by means of a HR measure. The highest value, in beats per minute, was first computed for each slide and each subject, and then averaged across the six slides of each phase to produce three values per subject, one value for each phase. These HR data, presented in the right-hand panel of Figure 1 , show essentially the same pattern as the SC data. That is, there is no baseline difference and no difference between the groups for Phase 1. Phases 2 and 3 show a faster HR for the subjects having been presented with the traumatic materials. Again, a 2 x 3 analysis of variance and covariance (type of material x phase with the baseline measure as a covariate) was carried out. There was a statistically significant interaction between type of material and phase [F(2,36) = 5.60, P < .01, MSe = Mean ratings given by the two groups with respect to the emotional dimension of the stimulus content (1 = very pleasant; 7 = very unpleasant) were 5.6 and 3.3 for the traumatic and neutral group, respectively. A one-way analysis of variance revealed this difference to be statistically significant [F( 1,18) =21.45, P < .01, MSe =1.25] .
The item in which the subjects had to rate the degree of distress on a 10-point scale (1 = not at all distressed; 10 = very distressed) show a mean value of 7.0 for the group presented traumatic pictures, which was significantly (p < .01) higher than the mean value for the neutral group (1.0). These scorings indicate that the differences in SC data and HR data between the two groups in Phase 2 and 3 can be attributed to the emotional state of the subjects presented with the traumatic material.
The memory data of this experiment, shown in Figure 2 , indicate that it is altogether more difficult for the subjects to remember the verbal items related to the traumatic materials than the verbal items related to the neutral materials. A 2 x 3 analysis of variance (type of material x phase) carried out on these data revealed a significant main effect of type of material [F(1 ,18) = 7.90, p < .01, MSe = 8.913]. As can be seen from Figure 2 , there is also an interaction between type of material and phase, so that there is only a slight difference between the two groups for Phase 1 but a superior performance for the neutral group for Phases 2 and 3. The analysis of variance showed this interaction to be statistically significant [F(2,36) = 3.75, P < .05, MSe = 3.607] .
(Phase 2), but also for the succeeding phase (Phase 3). The subjects who were presented with the traumatic version of the slides also reported in the postexperimental interview that they thought the slides presented in the middle of the series were very unpleasant. No such reports were made by the subjects in the group presented with neutral slides.
This difference in arousal and emotional state apparently affected the memory performances differently in the two groups. The data pattern obtained shows a lower recall performance for the traumatic than for the neutral group in the middle and the last phases. This is fully in line with the data pattern expected according to predictions made in terms of restricted elaboration of encoding, or disrupted/intensified consolidation operations, and also with the data pattern reported in the clinical literature. The data for the items selected by the subjects are instructive, primarily because they differ from the main data for recall of all items. When only the selected items are counted in Phase 3, there is no memory decrease for the traumatic group. This pattern of results is in line with an encoding hypothesis that predicts that high emotional arousal is associated with narrowed attention, which results in a decrease in memory performance on irrelevant or peripheral items. According to a consolidation explanation, this difference between selected and unselected items should not occur. Thus, at an empirical level, the data pattern in this experiment is in agreement with the clinical literature showing amnesia for items associated with the traumatic events and an anterograde amnesia for those items succeeding the traumatic events. There is also some support for the assumption that the amnesia can be explained by restricted encoding operations due to limited processing capacity during a state of high emotional arousal.
EXPERIMENT 2
One advantage with the laboratory situation, as compared with the clinical situation, is that factors at various stages of memory processes can be manipulated systematically. One finding reported in the clinical literature motivating such a systematic study is the act of recovery in cases of retrograde amnesia and also in some cases of anterograde amnesia (e.g., Nemiah, 1969; Pratt, 1977; Russel, 1971; Russel & Nathan, 1946; Whitty & Zangwill, 1977b) . This phenomenon suggests that the "forgotten" events are properly encoded, but that the problem lies in accessing these events. Experiment 2 constituted a replication of Experiment I with respect to the study phase; in the test phase, however, memory performance was measured by means of a forced-choice recognition procedure. This arrangement was implemented to ascertain whether the memory deficiencies demonstrated in a recall test also show up in a recognition test in which the search process is assumed AMNESIA AND PSYCHOLOGICAL TRAUMA 147 to be bypassed (see, e.g., Bahrick, 1970, and Kintsch, 1970) . According to a consolidation hypothesis, interpreted either in terms of a disruption of the consolidation processes (Hebb, 1949; Millier & Pilzecker, 1900) or in terms of a temporary-inhibition-of-memory performance due to an increased arousal (Walker, 1958) , a rnernory impairment would be expected for the traumatic group on short-interval tests regardless of the type of test (cued recall or cued recognition).
Method
Subjects. The subjects in Experiment 2 were 20 college and university students from Urnea (18-32 years of age), who participated on terms equal to those on which the subjects in Experiment I partici pa ted.
Apparatus, Material, and Procedure. The apparatus and the material presented in the study phase were identical to those of Experiment 1. The test phase, however, was different. A cuedrecognition, rather than a cued-recall, test was employed. The test of the four descriptive aspects presented with each face was carried out by means of a four-alternative forced-choice recognition test. The four alternatives were presented on a single slide. One of the four alternatives in each of these slides had been presented in the study phase, and the others, serving as distractors, were either phonemically or semantically similar to the correct alternative. As in the recall test in Experiment 1, the subjects in this recognition test were presented with each face again in the same order as in the study phase. Thus, with each face, four test slides were presented (one slide for the four names, one for the four occupations, one for the four hobbies, and one slide for four personality traits). The test slides, presented one at a time, were exposed until the subject had responded aloud. After this retention test, the subjects were asked to fill out the same questionnaire as the subjects in Experiment 1 had.
Results and Discussion
The physiological data of Experiment 2 and the ratings of unpleasantness showed essentially the same pattern as in Experiment I and are therefore not presented separately. All in all, as in Experiment 1, the arousal data of the present experiment clearly indicate that the subjects in the control and experimental groups reacted differently to the stimulus material presented. Almost all subjects presented with the traumatic material showed discomfort and feelings of unpleasantness, whereas none of the subjects in the neutral group showed any similar effect.
The recognition data of Experiment 2 are summarized in Figure 3 . In comparison with the recall data in Experiment 1, there are a few dissimilarities that should be noted. There is no significant main effect of type of materials, but there was a significant interaction between type of material and phase [F(2,36) = 3.78, P < .05, MSe = 3.404]. This interaction indicates a slightly superior memory performance for the traumatic group in Phase 1. In the middle phase, there is (as in Experiment 1) a lower performance for the traumatic group. In the third phase, the two groups perform at almost the same level. This result differs from that found in Experiment 1. In Phase 3 of Experiment 1, the memory performance of the traumatic group was 1.°r ---'"T""-----r-----r---, EXPERIMENT 3 Figure 3 . Cued-recognition (Rn) performance as a function of phase, for subjects having been presented with the neutral (6_ • -6) or the traumatic ( _ ) stimulus material (Experiment 2).
The physiological data and the ratings of unpleasantness show the same pattern here as in the previous two experiments and are therefore not reported in detail.
The memory data in this experiment are reported separately for cued recall and cued recognition in Figure 4. An inspection of the recall data in the left-hand panel suggests that the group exposed to the unpleasant pictures recalled fewer words in all three phases. Figure 4 shows a slightly superior performance for the traumatic group in Phases 1 and 3, whereas the control group seems to be superior in the middle phase. An ANOVA confirmed this interaction to be statistically significant [F(2,44) = 12.11, P < .01, MSe = 2.870]. Analysis of variance for the difference between the two groups in each phase revealed a significant effect in Phase 2 only [F(1,66) = 19.08, p < .01,
Experiment 3 demonstrated that the effects found in recall (Experiment 1) were replicable. Thus, there was an amnesia effect for the TBR items in the traumatic phase, and there was an anterograde amnesia effect for the items succeeding this phase. No significant retrograde amnesia was found. The recognition data of Experiment 3 replicated those of Experiment 2 with regard to retrograde and anterograde amnesia; that is, no such effects were found. The amnesia found for the traumatic items (Phase 2) in recognition did not replicate the overall lack of amnesia effects for recognition in Experiment 2.
The results for those words selected by the subjects Method Subjects. The subjects in Experiment 3 were 24 students from Umea (18-29 years of age). They had had no previous experience with experiments of this sort and participated on terms equal with those on which the subjects in the previous experiments participated.
Apparatus, Materials, and Procedure. The apparatus, materials, and procedure were the same as in Experiment 1, with one exception. After the subjects had finished the cued-recall test, they were also tested by the same four-alternative forcedchoiced recognition test that had been used in Experiment 2. As in the earlier studies, the interval between the last slide presented in the study phase and the initial cued-recall test was 12 min. The time interval between study and cued-recognition test was 30 min.The samequestionnaire was administered to the subjects that had been administered in the other two experimentsreported. clearly below that of the control group. One-way analyses of variance for each separate phase in the present experiment revealed no significant effects.
As in Experiment 1, the mean proportions of selected words correctly recalled were computed for each of the three phases and for each group. These means were .98, .95, and .98 for the traumatic group and .90, .95, and .90 for the neutral group. As can be seen from these means, the differences between the two groups are very small. Taken together, amnesia of verbal information associated with traumatic events and events succeeding these items seems to differ depending on type of test. This finding indicates that those theoretical accounts that propose that memory deficiencies are caused by a disrupted or intensified consolidation process do not appear to provide an appropriate explanation of these effects. Encoding processes (attention) and storage processes (consolidation) should not have differed between the two experiments. Instead, it seems more reasonable to argue that amnesia, induced by traumatic and high-arousal events, is a result of restricted encoding operations and of a failure to have access to those memories properly stored.
These findings were further investigated in Experiment 3, using type oftest (cued recall and cued recognition) as a within-group variable. This was done in order to determine the reliability of effects in Experiment 1 and Experiment 2. Thus, the predictions made were that, given an amnesic pattern in Phase 2 and Phase 3 in recall, this amnesia would be reduced or eliminated in a later recognition test. This pattern was also predicted to show up in tests of those specific items selected by the subjects. 0 r ---.....----.....---- show no significant differences between the two groups in cued recall. Means for the traumatic group are .64, .39, and .47 for Phases 1,2, and 3, respectively, and .64, .53, and .63 for the neutral group, respectively. The recognition data show a similar data pattern when compared with the recognition data for all items presented. Means for selected items for the traumatic group are .96, .75, and .93 for Phases 1, 2, and 3, respectively. For the neutral group, these means are .92, .93, and .92, respectively. Thus, there was a significant interaction between type of materials and phase [F(2,44) :: 8.96, p < .01, MSe :: .354]. In tests of simple main effects, only Phase 2 was found to be statistically significant [F(1,66) :: 15.98, P < .01, MSE ::
.441].
The data pattern obtained in these experiments does not support the consolidation theory offered by Walker (1958) . One crucial test of this hypothesis was the test of recognition administered 30 min after the study phase. According to the literature (Eysenck, 1982) , the act of consolidation should be terminated at this test interval, and one would rather expect an enhanced memory performance for the high-arousal group (cf. Kleinsmith & Kaplan, 1963 , 1964 . Neither do these data fit into the disrupted-consolidation hypothesis, mainly because of the variant amnesia effects for the selected items in Phase 2.
In the three experiments reported, we have demonstrated anterograde amnesia effects in cued recall but not in cued recognition. This suggests that this type of amnesia is a result of restricted encoding operations and subsequently of a failure to have access to those items encoded only at a shallow level. The amnesia obtained in the traumatic phase (both cued recall and cued recognition) suggests that emotional arousal reduced encoding operations to too few features or attributes required for retrieval. However, failure to access might also be a part of the explanation for the amnesia of the items in the traumatic phase. As was mentioned in the introduction, the re-presentation of the traumatic faces might produce an elevated emotional arousal and thereby reduce available retrieval processing capacity (cf. Eysenck, 1982; Horowitz & Wilner, 1976; Mandler, 1975) . The re-presentation of "neutral" faces would, however, aid retrieval compared with that in cases in which no such faces are presented at test.
EXPERIMENT 4
The purpose of Experiment 4 was to investigate the effect of reduced cue information at retrieval. It is known from the literature (e.g., Tulving, 1976 ) that retrieval is enhanced by means of cues in recall, but not in recognition. Experiment 4 was planned in order to find out whether this general fmding holds true for studies of amnesia as well. This was accomplished by using the same study procedure that had been used in Experiment 3. It might be that the face cues used in Experiments I, 2, and 3 disguised a more pure effect of arousal. If that were so, it would be expected that, when no cues were provided at test, scores would drop more dramatically in recall than in recognition, and that if any specific arousal effects were disguised by such cuing effects, the removal of cues in Experiment 4 would affect the traumatic and the neutral groups differently (see also Warrington, 1976 ). An alternative hypothesis would be that the horrible faces presented as cues generated a state of arousal beyond the optimal level for mental performance (Hebb, 1955) . Hence, this emotional arousal would occupy a certain amount of processing capacity (Eysenck, 1982; Mandler, 1975) , and therefore it could be expected that a withdrawal of these faces at test would be beneficial for retrieval. Thus, the amnesic effects obtained in Experiments 1 and 3 would be expected to be less pronounced in Experiment 4.
Method
Twenty-four college and university students and nonstudents from Umea (18-33 years of age) were tested similarly to the subjects in the previous experiments in this study. The experimental setup was the same as in Experiment 3, except for one change in the test procedure. In the test of recall, 12 min after the study phase, the subjects were not given any face to guide memory retrieval. Instead, the subjects were instructed to recall freely as many verbal items as possible of those presented earlier.
After this recall test, 30 min after the study phase, the subjects were given a recognition test without any faces as retrieval cues; that is, the test words were not accompanied by the faces presented during the study phase.
Results and Discussion
The physiological data of Experiment 4 and the ratings of unpleasantness show essentially the same pattern as that in the previous three experiments and are therefore not reported in detail. Both SC and HR increased for the experimental group in Phase 2, in which the unpleasant pictures were presented. This effect of autonomic arousal appeared in Phase 3 as well. There were no differences between groups in SC or HR, either for baseline or for Phase 1. Taken together, these emotional/arousal data were in agreement with the expectations made.
The recall and recognition data of the present experiment are presented in Figure 5 . The recall and recognition effects found in the previous experiments were found in this experiment as well. Considering the recall data in the left-hand panel of Figure 5 , the experimental group appears to be inferior to the control group in all three phases. In an overall analysis of variance, this difference in type of material was found to be significant [F(1,22) Thus, this recall pattern shows an amnesia for the items presented in the critical phase and an anterograde amnesia for the items succeeding this critical phase. There was also a slight retrograde amnesia, which, however, did not reach a significant level.
The recognition data presented in the right-hand panel of Figure 5 show, in contrast to the recall data, a similar performance for the two groups in Phase 1 and 3, and still an inferior performance for the traumatic group in the middle phase. The interaction between type of material and phase was significant at the .01 In examination of the data for those words specifically selected by the subjects, a similar pattern was found for both recall and recognition performance. In recall, the means for the three phases were .46, .26, 
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.3 For recognition, the means for selected items for the three phases were .92, .74, and .90 for the traumatic group and .90, .92, and .85 for the neutral group. In a statistical analysis of these recognition data, the same type of interaction (type of material x phase) was found for selected items that was found when the calculations were made for all items presented to the subjects. This interaction was statistically significant at the .05 Considering the data in this experiment, the following conclusions can be drawn: First, as in Experiment 3, the anterograde amnesia obtained in the recall test was not found when subjects were tested by means of a recognition test. This pattern was also obtained in Phase 1, although it was less pronounced and nonsignificant. The amnesia found in Phase 2 was not affected by type of test. Second, the difference in recall performance between the experimental group and the control group was more pronounced in this experiment than in Experiment 3. Thus, the withdrawal of cuing information seems to have affected the traumatic group more negatively than the neutral group, indicating that amnesia is due partly to retrieval difficulties. Third, the recovery effect in the recognition test does not seem to have been different in this experiment when a long retention interval was used from the effect in Experiment 2 when a short retention interval was used.
ADDITIONAL ANALYSES
To clarify a few critical aspects of the data, some additional analyses were carried out. In order to obtain maximum power in the statistics, the data in these cases were combined across experiments. Therefore, these analyses are reported separately here, rather than for each experiment.
The first aspect to be reported is the failure to establish any retrograde amnesia effects. Judging by pure inspection of the data presented, some signs of retrograde amnesia were present throughout the experiments. However, when these effects were tested in each experiment, none proved to be significant, and one might therefore argue that we have ruled out the possibility of retrograde amnesia too hastily. Moreover, the way in which we have performed the analyses so far may not have been the most appropriate one. For example, it might be that retrograde effects held true only for the last item presented in Phase 1 just before the presentation of the six traumatic slides in Phase 2. In line with this, a more adequate way to go about testing retrograde effects would be to consider only this sixth item of Phase 1 and to use the first item of that phase as a com-parison. This was done in this first additional analysis. Two separate analyses were made, one for recall and one for recognition. The ANOVA conducted used a 2 (traumatic vs. neutral materials) x 3 (Experiments I vs. 3 vs. 4) x 2 (Phase 1, Item 1 vs. Phase 1, Item 6) design for recall. However, this analysis did not reveal the main effect of item that we expected in Phase 1. Actually, Item 6 was slightly better recalled than was Item 1 (means =.27 and .32, respectively).
Separate analyses were also carried out for selected and nonselected items as defined previously. None of these two analyses revealed any significant effect of items in Phase I, and it seems reasonably fair to conclude that no retrograde amnesia effects were demonstrated for recall in the present experiments.
When the same analyses were done for recognition, the design employed was 2 (traumatic vs. neutral materials) x 3 (Experiments 2 vs. 3 vs. 4) x 2 (Phase 1, Item 1 vs. Phase 1, Item 6). There were no significant main effects of item in Phase 1 (Fs < 1) for all items, selected items, or nonselected items. Thus, on the basis of these additional analyses for both recall and recognition, we conclude that no retrograde amnesia was obtained in the experiments reported.
The second additional analysis to be reported deals with selected and nonselected items. For each experiment, we have reported means for selected items in each phase and for each group. Due to low statistical power, ANOVAs have not been reported for each separate experiment. In order to obtain maximum power, we have combined the data across experiments. This has been done separately for recall and recognition. As can be seen from Figure 6 , in which these data are depicted, memory performance for both selected and nonselected items is reported.
The ANOVA for recall of selected items used a 2 (traumatic vs. neutral materials) x 3 (Experiments 1 vs. 3 vs. 4) x 3 (Phase 1 vs. 2 vs. 3) design. This analysis revealed a main effect of type of materials [F(1,62) ..
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. 9 In order to trace the source of this interaction, a separate 2 x 3 (type of material x experiment) ANOVA was carried out for each phase. A statistically significant main effect of type of material was found for Phase 2 [F(l,184) 
GENERAL DISCUSSION
A first prerequisite for studying the effects of emotions on memory is to determine whether the emotional state wanted has actually been induced. With regard to the four experiments reported in this paper, the data from measurements of palmar and cardiac activity and the postexperimental interviews provided clear evidence that the manipulation had the intended effect of indueing emotional arousal.
Given that a different state of emotional arousal has been induced in the experimental (traumatic) groups as compared with the control (neutral) groups, the next step is to determine to what extent differences in the pattern of memory data have been obtained. The experiments presented here clearly demonstrate a data pattern for the experimental groups that was different from that for the neutral groups. In general, there is a lower recall and recognition performance for the experimental than for the control groups in Phase 2. This is an important finding, since it mirrors the data typically obtained in clinical settings. As mentioned in the introductory section, the absolute majority of studies inducing amnesia in the laboratory have demonstrated a high memory performance for critical items or items as· sociated with the critical event. The lack of such a von Restorff effect in the present study provides an important prerequisite for proper comparisons to clinical cases.
With respect to Phase 1 items, both storage and retrieval factors could be involved for explaining any possible retrograde amnesia. Encoding factors should not be involved for such a form of amnesia, since these Phase 1 items have already been registered and encoded when the traumatic events are presented for the experimental groups in Phase 2. The two groups should not differ with respect to recall or recognition of Phase 1 items, since the manipulations made do not differ between groups. And indeed, no difference between groups for these items were found in any of the four experiments; that is, there is no retrograde amnesia. If storage or retrieval factors had played a crucial role for memory of Phase 1 items, one would have expected a difference in the data pattern between groups.
One reliable finding in this study was the amnesia obtained for the items attached to the traumatic pictures. For these Phase 2 items, encoding, storage, and retrieval processes could have been involved. With respect to encoding, the assumptions made were that the traumatic pictures cause a reallocation of processing resources to the horrible faces, the verbal descriptions attached to the faces, and the increased autonomic arousal (emotionality effect). It was further suggested that this division of attentional resources would restrict encoding operations to fewer features or attributes of the TBR material or, altematively, to an increased attentional selectivity.
Thus, on the basis of the assumption that high emotional arousal results in a reduction of attentional resources available for processing of the TBR items, one would expect that subjects remember less well if there is a compound of items to remember. This is the case when all the TBR items are considered. However, if restriction of encoding is associated with attentional selectivity, one would expect subjects in the traumatic group to focus their attention and thus to perform as well as subjects in the neutral group for selected items. This was also the result obtained for cued recognition in Experiment 2 and for cued recall in Experiment 3. In Experiment I (cued recall), Experiment 3 (cued recognition), and Experiment 4 (both recall and recognition), however, performance for the traumatic group was lower than that for the neutral group, even for selected items. When these data were combined across experiments, a significant decrease in performance was found for these items. This decrease in performance for selected items can be interpreted in different ways. Provided that encoding constitutes the locus of this amnesia for critical items, the decrease in memory performance is due most likely to the subjects' attempts to cope with the horrible pictures, thereby diminishing their efficiency in processing of the verbal items related to these pictures. What about storage factors? According to the consolidation hypothesis proposed by Walker (1958) , discussed in the introduction, one crucial prediction was that memory performance should improve as a function of time between study and test. This prediction can be evaluated by comparing the data for Experiment 2, on the one hand, and for Experiments 3 and 4, on the other. In Experiment 2, the recognition test was given soon after study, whereas, in Experiments 3 and 4, this test was given some 30 min later. A comparison of the data in Figures 3, 4 , and 5 indicates no improvement in the data in Figures 4 and 5, and it is therefore concluded that an interpretation in terms of an augmented consolidation process seems less likely. An alternative interpretation on the basis of storage factors is that of a disrupted consolidation. In spite of the fact that the recognition data of all items and selected items in Phase 2 of Experiment 2 is at variance with such a hypothesis, the combined recognition data in Experiments 2, 3, and 4 demonstrate that this hypothesis cannot be rejected. Since amnesia was obtained in cued recall (Experiment 1) but not in cued recognition (Experiment 2), we maintain that a retrieval explanation is applicable for these data. Although encoding factors may playa dominating role for the data obtained in Phase 2, the possibility of disrupted consolidation cannot be ruled out entirely.
Whereas differences were found between experimental and control groups for Phase 2 items, irrespective of retention test (see Additional Analyses), the results for Phase 3 items differed between recall and recognition. Anterograde amnesia was found in recall but not in recognition. The lack of anterograde amnesia in recognition was demonstrated both when the test was given soon after study (Experiment 2) and when it was given after a more extended period of time (Experiments 3 and 4). In line with most current thinking found in memory literature, we assume somewhat different types of retrieval operations in recall and recognition. For example, according to Baddeley (1976) , Bahrick (1970) , and Kintsch (1970) , a more extended memory search is required in recall than in recognition. Thus, it seems reasonable to conclude that the anterograde amnesia obtained here is most likely due to disturbances at retrieval, and that various hypotheses about failure of consolidation (see Whitty & Zangwill, 1977a) are less adequate for explaining these data.
By comparing the results from Experiments 3 and 4, conclusions can be drawn about the effect of retrieval cues in both recall and recognition. Without faces as cues, there is an overall lower level of performance. However, the pattern of data does not seem to be affected by cues. This is especially true for recognition; the pattern of data is exactly the same in Experiments 3 and 4, both with respect to all items and with respect to selected items only. For recall there is a slight difference between the two experiments. In Experiment 4, in which no cues were given, there was a significant difference between groups, both for all items and for selected items only. When cues were given (Experiment 3), the difference between groups reached significance only for all items. Thus, there is a slight positive effect of retrieval cues in recall but not in recognition, and this effect is more pronounced for selected items.
An additional interpretation of the Phase 3 data (anterograde amnesia) is possible. Due to a lasting higharousal state from Phase 2 and to a possible perseveration in thinking about the horrible pictures (see Horowitz & Wilner, 1976, and Zachary, 1982) , the subjects may fail to encode the Phase 3 items in an elaborative and efficient way. However, a more shallow encoding may suffice in recognition but not in recall (cf. Lockhart, Craik, & Jacoby, 1976) . That is, encoding by the subjects in the traumatic groups is deep enough to manage the less demanding recognition procedure. In order to manage the search or reconstructive processes involved in recall, a deeper or more elaborate encoding is needed. This type of relationship between encoding and retrieval has also been proposed as an explanation for the amnesia demonstrated in Korsakoff patients (Talland, 1965) and in posthypnotic amnesia (Kihlstrom & Evans, 1979) . However, as will be discussed next, we do believe that great caution should be taken in attempting to incorporate the amnesia demonstrated in different groups of patients and subjects in one single heading. Ellis et al. (1971) arrived at the same conclusion that storage factors could possibly not be involved since the anterograde effect was larger than the retrograde effect.
As noted, such a difference between the size of anterograde and retrograde effects was also obtained here, and, in this respect, the conclusions made are in line with those of Ellis et al. However, the interpretations of the anterograde effects obtained here and in Ellis et al. differ . Whereas a joint encoding and retrieval explanation was offered here, Ellis et al. argued for a singlefactor explanation, for which only encoding difficulties were said to be repsonsible for the anterograde effects. Since we obtained anterograde effects in recall but not in recognition, our interpretation seems at least as likely and as reasonable as the Ellis et al. interpretation. The question of primary concern is, therefore, why the data obtained here and in the Ellis et al. study differ.
Whereas we employed a "traumatic" emotional load on the TBR materials, Ellis et al. (1971) did not. This difference in materials might be crucial for the differences in the data obtained. It seems reasonable to assume that different cognitive capabilities could be involved when different demands are present in each experimental situation. At any rate, the differences in data obtained here and in the Ellis et al. study should be taken to indicate that different underlying factors might be involved in amnesia, depending on the type of materials and the situation used to induce the amnesia. Although it is appealing to search for common underlying mechanisms in amnesia, it may yet be too premature an enterprise. The present data suggest that greater consideration should be given to differences in situational demands, even though we happen to use the same label (e.g., anterograde amnesia) for seemingly similar effects obtained in different situations.
Assuming such a functionalistic approach (e.g., Nilsson, 1980 Nilsson, , 1984 , in which the interaction between cognitive capabilities and task demands, rather than the cognitive capabilities in isolation, is considered, caution should also be employed when attempts are made to incorporate data from different subject pools in single interpretations of amnesia. For example, it has been claimed that the anterograde amnesia in Korsakoffs disease should be understood as a defect of encoding or initial learning rather than as a defect of retrieval (see Huppert & Piercy, 1982) . Although it may seem reasonable to interpret such data in terms of encoding, it may be wise to realize that these encoding factors could be radically different from the encoding factors Ellis et al. (1971) referred to as responsible for the anterograde effects they obtained. From a functionalistic point of view, it is reasonable to recognize such a possibility, although the empirical effects look the same and the concepts used to interpret the data are the same.
